In a recent paper (Russo, Takezaki, and Nei 1996) we examined the efficiencies of different tree-building methods (neighbor joining [NJ] , minimum evolution, maximum parsimony [MP] , and maximum likelihood) in recovering a true vertebrate phylogeny using mitochondrial genes. In practice, however, we usually do not know the true tree, so the reliability of a reconstructed tree is tested by various statistical methods. One of the most commonly used statistical methods for testing the reliability of phylogenetic trees is the bootstrap test of each interior branch (Felsenstein 1985) . Even though this test seems to be conservative in theorectical studies (e.g., Sitnikova, Rzhetsky, and Nei 1995) , there is little evidence of how well it performs empirically. value used in the standard statistical test. This computation was done by the METREE program (Rzhetsky and Nei 1994 ) that calculates the CP values for NJ trees. Zardoya and Meyer (1996) recently analyzed the bootstrap proportions for correct and incorrect interior branch partitions by using the NJ and MP methods for different mitochondrial protein-coding genes. Unfortunately, however, they did not use the true tree to establish correct and incorrect partitions.
Instead, they assumed for each tree-building method that the whole mtDNA genome tree is the correct tree. For this reason, the actual efficiencies of genes and methods recovering and supporting a known tree were still unclear. In this paper, I have decided to examine the reliability of the bootstrap test in supporting correct and incorrect clusters of a true tree ( fig. 1 ) which has been firmly established independently by morphological and paleontological data.
I examined the reliability of the statistical tests by evaluating how often a correct or incorrect interior branch (correct or incorrect partition of sequences when compared with the topology in fig. 1 ) is statistically supported (at the 95% level of confidence) by the bootstrap test and the CP test. Table 1 shows the results of this evaluation. In a bifurcating unrooted tree with 11 species, there are eight interior branches, so the sum for each row (i.e., each gene) of the three columns (i.e., each tree-building method) in table 1 is eight. In all cases, the null hypothesis for NJ trees is that the interior branch has a length of zero, and, thus, each branch is tested independently (Nei 1996) . For example, in the case of the Atp6 gene with proportion of amino acid differences (p), six out of eight interior branches of the NJ tree were statistically supported by the bootstrap test, and all of them were correct. One correct branch and one incorrect branch were not statistically supported. If we consider the interior branches of pdistance NJ trees for all genes, 73 of them were correct and statistically supported. All other interior branches except one were not significant. There is only one incorrect interior branch that was statistically significant (nrs = 1). This might have happened by chance, because the frequency of occurrence of this event is less than 5%.
I reconstructed trees with two of the most commonly used methods of phylogenetic inference, NJ (Saitou and Nei 1987) and MP (Eck and Dayhoff 1966) , using amino acid sequence data. I did not examine the minimum-evolution and maximum-likelihood methods, because they require too much computational time. For NJ trees, the bootstrap test was performed as described by Kumar, Tamura, and Nei (1993) with 1,000 replications, whereas that for MP trees was done in accordance with the method of Felsenstein (1985) with 100 replications.
In the case of NJ trees, the reliability of each interior branch can also be tested by the confidence probability (CP) test (Rzhetsky and Nei 1992) . I therefore examined the reliability of this test too. The CP value is the probability of a particular interior branch being different from 0 and is equal to 1 minus the P These results suggest that the bootstrap test we used is quite reliable. Essentially the same results were obtained for the NJ trees with Poisson correction distances. When gamma distances were used, however, the number of correct interior branches that are statistically significant (ncs) was lower, whereas the number of nonsignificant interior branches (nNs) was higher. This is probably due to the fact that gamma distance has a larger standard error than p and Poisson correction distances. It is worth noting that all or almost all of the interior branches of the NJ trees for genes Ndh4 and Ndh5 are statistically significant, and, moreover, all tree-building algorithms produced the correct tree for these two genes except in a few cases (see Russo, Takezaki, and Nei 1996) . This suggests that these two genes are better than other mitochondrial genes for obtaining the correct tree when a group of organisms similar to the present one is used. The gene Cytb also produced the correct topology for all the tree-building algorithms except in two cases (Russo, Takezaki, and Nei 1996) , but the number of statistically significant interior branches was only five. Therefore, this gene seems to be less appropriate than Ndh4 and NdhS. codons, respectively) and, second, they have appropriate substitution rates (i.e., too little or too much variation may cause errors in the estimation of substitution rates and, thus, of topologies; Russo, Takezaki, and Nei 1996) . On the other hand, Nd42, the gene that showed the worst performance (in most tree-building methods, the bootstrap proportions statistically supported an incorrect grouping), is relatively short (only 97 codons).
Similarly, standard parsimony trees are less powerful than NJ trees in identifying the correct tree, and thus ks is smaller than nNs. However, in this case, there is no incorrect interior branch which is statistically significant. Zardoya and Meyer (1996) stated that MP outperforms NJ, since NJ retrieved more trees that were different from the entire mitochondrial genome tree (i.e., the expected tree). However, as I mentioned earlier, their tree is not biologically established. For example, Adachi and Hasegawa's (1996) maximum-likelihood analysis showed that the horse/seal/cow relationship is not well resolved. This makes Zardoya and Meyer's (1996) conclusions questionable.
In the case of weighted parsimony, ks is slightly greater than that of NJ trees, suggesting that the bootstrap test for this method is more powerful than that fo1 NJ. Note that in genes Cytb, Ndh4, and Ndh5, all interior branches were correct and statistically supported. However, there are two incorrect interior branches that were statistically significant. This indicates that the statistical properties of this test are quite complicated. Table 1 also shows the results of the CP test for NJ trees. In this test, n,, is greater than that in the bootstrap test. (The trees constructed with gamma distance were not examined because the computer program for the CP test was not available for this distance.) It is also greater than the ncs value for standard (unweighted) parsimony. It is interesting to note that ncs is smaller for Poisson correction distance than for p distance, whereas nNs is greater. The bootstrap test has been shown to often give conservative estimates of the probability value that indicates the extent of statistical support of the cluster generated by the interior branch under consideration (e.g., Hillis and Bull 1993; Sitnikova, Rzhetsky, and Nei 1995) . Conversely, the CP test gives estimates that are less conservative than those of the bootstrap test (Sitnikova, Rzhetsky, and Nei 1995). Our results support these theoretical findings. However, note that when distantly related protein or DNA sequences are used for phylogenetic inference, the CP test may become too liberal (Nei 1996) .
In a previous paper, we showed that the resealed consistency index (RCI) (Farris 1989) , which is widely used to examine the accuracy of MP trees, is not a good measure of the reliability of the tree (Russo, Takezaki, and Nei 1996) . In fact, the tree with the highest RCI was that of Nd41, with two wrong partitions, whereas the one with the lowest RCI was that of Nd5, a correct topology. By contrast, this paper showed that the bootstrap and CP tests seldom yielded statistical support for incorrect clusters. This is an interesting empirical result and suggests that these tests should be used more often to evaluate the accuracy of reconstructed trees. It should be noted, however, that these results are based on a single known phylogeny and on mitochondrial genes, and, thus, how these results apply to other phylogenies (i.e., less than 100 and more than 500 Myr of divergence) or nuclear genes awaits further investigations.
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